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摘要 
通过模仿生物体自愈合的特性，人工合成可自行感知和修复损伤的聚合物材
料是一项富有深远意义的研究。目前聚合物材料在加工和使用过程中容易受到各
种外界因素的破坏并产生难以监测的微裂纹，而这些微裂纹正是材料性能退化的
起点。作为一种新颖的智能仿生材料，自修复聚合物能够感知并修复这类损伤，
避免材料受到进一步破坏，延长材料使用寿命，消除安全隐患，节约维修成本。
然而，目前研究的自修复高分子材料大多为绝缘体，使得其在导电领域中的应用
受到限制。随着导电高分子材料在电子器件、传感器、能源、信息、航空等领域
的广泛应用，对其使用寿命也提出了更高的要求。因此，研究和发展兼具导电功
能和自修复性能的材料就显得十分必要。 
在目前已报道的自修复方法中，通过氢键超分子作用进行自修复是一种较为
有效的方法，具有无需外界刺激，无需修复剂或其他表面处理，室温下即可实现
自修复，且自修复效率高，能够在同一位置进行多次自修复等特点。本文以制备
氢键型自修复导电高分子复合材料为目的，首先制备了两种带有氨基甲酸酯基团
的单体（MCMA 和 CMA），通过调节这两种单体的摩尔比，利用自由基聚合反
应得到三种共聚物（PMCMA-co-PCMA）。在此基础之上，通过溶液共混法将
炭黑（CB）填充到共聚物中，CB 的填充质量分数从 5%到 25%，从而得到兼具
导电和自修复性能的复合材料。 
针对已制备的导电自修复复合材料，本文展开了多项测试。一系列测试结果
表明，两种单体的比例和填充 CB的量能够改变共聚物和复合材料的玻璃化转变
温度。CB 与共聚物（PMCMA-co-PCMA）具有良好的相容性，得到的复合材
料是良好的导体，例如填充CB的质量分数为25%时，材料的电导率可达1 S·cm-1。
复合材料的导电性能与 CB填充量的关系符合无规逾渗模型，其逾渗阈值在 5 wt%
左右。复合材料的电导率能够随着材料的弯曲程度或拉伸形变而改变，是潜在的
力感应材料。总的来说，导电自修复复合材料不仅具有良好的力学和电学性能，
同时具有高效率的电学和力学自修复性能，其自修复是通过断口界面处的氢键超
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分子作用和分子链间的链段扩散运动实现的。而且复合材料还能够通过共聚物的
组成成分和 CB填充量对其力学、电学以及自修复性能进行调节。 
关键词：氢键自修复，导电高分子复合材料，PMCMA-co-PCMA，炭黑
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Abstract 
Simulating the self-healing ability of biological organisms to artificially 
synthesized polymeric materials which can sense damage and heal by themselves is a 
far-reaching significant research. Current polymeric materials are susceptible to 
damage by all kinds of external environmental factors in their manufacture and 
application, generating some undetectable microcracks, which are the starting point of 
performance degradation. As one kind of novel intelligent materials, self-healing 
polymeric materials can promptly heal the microcracks by themselves to avoid further 
damage, so that it can prolong the materials' lifetime, eliminate the potential safety 
hazard and save the maintenance costs. However, the self-healing polymeric materials 
are mostly insulator at present, which limits their applications in conductive materials. 
With the wide application of conductive polymeric materials in electronic devices, 
sensors, energy, information, and aviation, it raises the higher requirement of lifetime 
of polymeric materials. Thus, development of conductive self-healing polymeric 
materials becomes extremely necessary. 
Among the current reported self-healing methodology, polymeric materials using 
hydrogen-bonding interaction is an efficient approach. These materials don't require 
any external stimulation, additional restorative agent or additional surface treatment, 
while the self-healing process can happen efficiently at room temperature and even 
multiple times at the same place. In this dissertation, with the aim of preparing 
conductive self-healing polymeric materials based on hydrogen-bonding interaction, 
we firstly synthesized two monomers (MCMA and CMA) with carbamate group, and 
then three different copolymers (PMCMA-co-PCMA) were synthesized through 
radical copolymerization via changing the mole ratios of two monomers. With the 
self-healing copolymer hosts in hand, the conductive self-healing composites were 
prepared by the incorporation of carbon black (CB) fillers into the copolymer host 
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